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 Low parent health literacy is associated with poor child health outcomes and preventive 
care behaviors. The relationship between health literacy and childhood immunization status is 
under-explored. The objective of this retrospective study was to examine the relationship 
between caregiver health literacy and childhood immunization status in a cohort of children 
enrolled in the Greenlight study. The association of caregiver health literacy, as measured by the 
Short Test of Functional Health Literacy, with childhood immunization status at 24 months of 
age was modeled using logistic regression, controlling for common covariates of 
underimmunization in early childhood. After accounting for lost to follow-up, health literacy was 
not associated with a combined 6-vaccine series (aOR = 1.15, 95% CI 0.57, 2.30) nor with 
receipt of 2 doses seasonal influenza immunization at 24 months of age (aOR = 1.58, 95% CI 
0.80, 3.11). Given the study’s limitations, more rigorous study is needed to provide more 
conclusive evidence about the relationship between health literacy and childhood immunization 
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Comprehensive immunization is a cornerstone of public health and prevention, and is 
perhaps the prime example of long-lasting protective interventions (the third tier in the “Health 
Impact Pyramid”).1, 2 Achieving effective immunization coverage levels among young children, 
including increasing the percentage of children 6 months and older who are vaccinated against 
influenza annually, is a goal of Healthy People 2020.3 Rates of children aged 19-35 months 
receiving all doses of recommended vaccines only rose from 44% in 2009 to 72% in 2016, below 
the target goal of 80%.4 Rates of children 6 months to 17 years of age receiving at least one dose 
of seasonal influenza in a given year rose from 44% to 50% over the same time period, below the 
target goal of 70%. Previous studies have identified risk factors, such as lack of continuous 
insurance or primary care, single parenthood, parental perceived barriers, and parental vaccine 
hesitancy, to be associated with low immunization rates in young children.5-9 Other studies 
focused specifically on seasonal influenza immunization have found missed vaccination 
opportunities and parental misperceptions to be associated with underimmunization.10-14 
Low health literacy has been implicated as a barrier to obtaining optimal immunization 
rates.15, 16 Health literacy has been defined as “the degree to which individuals have the capacity 
to obtain, process, and understand basic health information and services needed to make 
appropriate health decisions.”17 Approximately one-third of U.S. adults have basic or below 
basic health literacy, leading to difficulty with common health tasks such as understanding a 
childhood immunization schedule.18 Among caregivers of children, low health literacy has been 
associated with poor child health outcomes and increased non-urgent emergency department 
visits.19, 20 Low caregiver health literacy is also associated with poor preventive care behaviors, 
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such as difficulties with balancing the risks and benefits of routine immunizations, appropriately 
dosing medications, and understanding a growth chart.21-25 
 The information required to fully understand immunizations, their risks, and vaccine-
preventable diseases are complex and may be subject to the influence of health literacy.26 Low 
health literacy in adults has been associated with decreased rates of influenza immunization.27-31 
Previous studies have demonstrated conflicting results regarding the role of caregiver health 
literacy and child immunization status.32-36 The aim of this study is to assess the effect of 
caregiver health literacy on childhood immunization status through 24 months, including receipt 
of seasonal influenza immunization. We hypothesized that lower caregiver health literacy is 
associated with lower childhood immunization rates at 24 months of age. 
METHODS 
 This was a retrospective cohort analysis of caregiver-child dyads participating in the 
Greenlight study, a cluster randomized trial to prevent childhood obesity.37 Between 2009 and 
2014, caregiver-child dyads presenting for the 2-month health supervision visit were 
consecutively enrolled at pediatric resident continuity clinics at four academic medical centers 
(NYU/Bellevue Hospital Center, Vanderbilt University Medical Center, University of North 
Carolina Hospitals, and University of Miami/Jackson Memorial Medical Center). Two sites were 
randomized to a low-literacy obesity prevention intervention and two sites were randomized to 
the American Academy of Pediatrics’ “The Injury Prevention Program” as an attention control.38 
Neither of these intervention arms (obesity prevention arm or injury prevention arm) contained 
education regarding immunizations. The full methods of the Greenlight study are published 
elsewhere.37 
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 Inclusion criteria for dyads were as follows: (1) healthy infants aged 6-16 weeks 
presenting for the 2-month health supervision visit with a pediatric resident, (2) English- and 
Spanish-speaking caregivers, who (3) planned to return to clinic for all health supervision visits 
through the child’s 24-month visit. Child-related exclusion criteria were: (1) <34 weeks 
gestation, (2) birth weight <1500 grams, (3) weight-for-length less than third percentile at the 2-
month health supervision visit, or (4) failure-to-thrive diagnosis or other medical problem 
affecting child growth (e.g., cleft palate). Caregiver-related exclusion criteria were: (1) age <18 
years, (2) significant mental or neurologic illness, or (3) poor visual acuity (corrected vision 
worse than 20/50 on the Rosenbaum Pocket Screener). Caregivers provided written and verbal 
consent according to approved institutional review board protocols at each of the 4 sites. 
Interviews were conducted in the caregiver’s preferred language (English or Spanish). Data were 
managed using REDCap (Research Electronic Data Capture) – a secure, web-based application 
hosted at Vanderbilt University.39 
The study’s primary outcomes of interest were (1) up-to-date immunization status 
(yes/no) at 24 months of age of a combined 6-vaccine series and (2) receipt of at least two 
influenza immunizations by 24 months of age. For the purposes of this study, participants were 
considered up-to-date on the combined 6-vaccine series if they had the following number of 
immunizations by 24 months of age: 4 or more doses of diphtheria, tetanus, and pertussis 
(DTaP); 3 or more doses of Polio; 1 or more doses of measles, mumps, and rubella (MMR), 4 or 
more doses of Haemophilus influenza B (Hib), 3 or more doses of Hepatitis B (HepB), and 1 or 
more doses of Varicella (Figure 2).40 Doses were validated according to minimum ages and 
minimum intervals according to the immunization schedule as recommended by the Advisory 
Committee on Immunization Practices (ACIP, Figure 3).41 Because of a participant’s potential to 
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only be eligible for one of two recommended immunization doses during a single influenza 
season (for example, an infant born in September may have been eligible at 6 months to receive 
the first dose of influenza immunization in March and may not have had the second 
immunization dose available to her one month later in April), we were interested in ³ 2 doses of 
influenza immunization in the first two years of life as a marker of influenza immunization 
uptake. Routine care at each clinic site consisted of resident physicians and/or clinic staff at each 
study site assessing the immunization status of patients at each health supervision visit, including 
reviewing external records such as a city-wide or state-wide immunization registry, and made 
appropriate updates to patients’ clinic health records. Trained study personnel abstracted dates of 
immunization doses from each child’s clinic health record. 
The primary independent variable for this study was caregiver health literacy, as 
measured by the Short Test of Functional Health Literacy in Adults (S-TOFHLA).42 The S-
TOFHLA is one of the most commonly used health literacy assessments and is validated in both 
English and Spanish. Trained bilingual research assistants administered the S-TOFHLA to 
caregivers at study enrollment. As was done in previous studies, health literacy was 
dichotomized a priori into adequate health literacy (S-TOFHLA score 23-36) and inadequate (S-
TOFHLA score 0-22) health literacy for analysis.43-46 
Covariates in this analysis were obtained during baseline data collection at the 2-month 
health supervision visit. Covariates were chosen a priori based on previously described risk 
factors of underimmunization status and included: race/ethnicity (Hispanic, non-Hispanic Black, 
non-Hispanic white/non-Hispanic other), health insurance (Medicaid, private, self-pay), annual 
household income (< $20,000 vs. ³ $20,000), number of adults in the home (1 vs. ³ 2), number 
of children in the home (1 vs. ³ 2), study site, and caregiver education (high school/general 
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educational diploma or less vs. some college or greater).6, 47-50 Caregiver type was not included 
as a covariate since nearly all participant caregivers were mothers (96%). 
Participant characteristics were examined using descriptive statistics. Unadjusted 
associations between health literacy and immunization status were assessed using Pearson’s chi-
squared test and simple logistic regression. Using an exposure-outcome modeling strategy, 
multivariable logistic regression was then performed to control for potential confounding. To 
prevent overfitting, analyses controlled for the pre-defined, limited set of covariates above. 
Models with and without caregiver education level were conducted given potential concerns 
regarding collinearity between education and health literacy.51 Due to concern for outcome 
misclassification as a result of lost to follow-up (i.e., those lost to follow-up without 
immunization data would be classified as not up-to-date), the above analyses were performed 
after excluding those lost to follow-up (Figure 1). Lost to follow-up was defined as participants 
who did not have either a 15-month, 18-month, or 24-month health supervision visit in their 
clinic health record. These health supervision visits correspond to the visits where a child would 
have received all of the doses of the immunizations in the combined 6-vaccine series, either at 
the recommended time or through catch-up dosing. Data were analyzed using Stata v 14.0 
(StataCorp LP, College Station, TX). Statistical significance was set at a two-tailed p-value of 
<0.05 for all analyses. 
RESULTS 
 Of the 865 caregiver-child dyads who enrolled in Greenlight, 855 caregivers completed 
the S-TOFHLA. Child and caregiver baseline characteristics are presented in Table 1. The mean 
(SD) age of the child at enrollment was 9.3 (1.8) weeks and 96% of caregivers were mothers. 
Fifty percent of families self-identified as Hispanic, with more Hispanic families in the low 
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health literacy group (66%) versus the adequate health literacy group (48%). Of the families who 
self-identified as non-Hispanic, 239 (28%) self-identified as black and 36 (4%) self-identified as 
“other.” Over half of the study sample had a household income less than $20,000, (86% of 
families in the low health literacy group versus 44% in the adequate health literacy group). Other 
substantial demographic differences between health literacy groups were health insurance (98% 
Medicaid or self-pay in low health literacy group versus 89% in adequate health literacy group), 
education level (18% completed some college or more in the low literacy group versus 44% in 
the adequate health literacy group), and 2 or more adults living in the home (84% in the low 
literacy group versus 91% in the adequate health literacy group). There were approximately even 
distributions of the number of children in the home, the number of adults in the home, household 
primary language, household income, and caregiver education level. Overall, mean (SD) 
caregiver S-TOFHLA score was 31.3 (7.9). Eleven percent were categorized as having low 
health literacy (8% inadequate and 3% marginal as classified by the original S-TOFHLA 
categories), and the mean (SD) S-TOFHLA score in this group was 11.2 (7.1). Participant 
characteristics of the selected cohort of the sensitivity analysis are displayed in Table 2. There 
were fewer female children in the low health literacy group after excluding those lost to follow-
up. There was also differential lost to follow-up among study sites. Participant characteristics 
between the two cohorts were otherwise similar. Caregiver health literacy and caregiver 
education level were not collinear in this sample. 
Up-to-date immunization status by 24 months of age are displayed in Table 3, including 
up-to-date status of individual immunizations. Fifty-nine percent of children were up-to-date 
with the combined 6-vaccine series. Sixty-four percent of children had at least 2 doses of 
seasonal influenza immunization. After accounting for lost to follow-up, 78% of children were 
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up-to-date with the combined 6-vaccine series and 80% of children had at least 2 doses of 
seasonal influenza immunization. 
In unadjusted analyses, 46% of children of caregivers with low health literacy were up-
to-date with the combined 6-vaccine series compared to 60% of children of caregivers with 
adequate health literacy (p=0.007, Table 3). In adjusted analyses, there was no statistically 
significant difference in the odds of having up-to-date status of the 6-vaccine series at 24 months 
by caregiver health literacy level (aOR = 1.50, 95% CI 0.92, 2.45; Table 5) after controlling for 
covariates.  
In unadjusted analyses, 49% of children of caregivers with low health literacy received at 
least 2 seasonal influenza immunizations by 24 months of age compared to 66% of children of 
caregivers with adequate health literacy (p=0.001, Table 3). In adjusted analyses, there remained 
a statistically significant difference by caregiver health literacy. Children of caregivers with 
adequate health literacy had 1.79 times the odds of receiving ≥2 doses seasonal influenza 
immunization by 24 months of age as children of caregivers with low health literacy (aOR = 
1.79, 95% CI 1.09, 2.95, Table 4), after controlling for race/ethnicity, health insurance, 
household income, number of adults in the home, number of children in the home, study site, and 
caregiver education. A model removing education as a covariate did not alter the results. 
The analytic sample that excluded those lost to follow-up did not have a disparity in the 
up-to-date status of the combined 6-vaccine series at 24 months of age (77% versus 79% in low 
and adequately health literate caregivers, respectively, (p=0.722, Table 4). Likewise, a logistic 
regression model that controlled for covariates in this sample did not demonstrate an association 
between health literacy and up-to-date immunization status of the combined 6-vaccine series 
(Table 5). Regarding child receipt of at least 2 seasonal influenza immunizations, percentages of 
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increased to 73% and 81% in low and adequate health literacy caregivers, respectively (p=0.014, 
Table 4), after excluding those lost to follow-up. However, the association between health 
literacy and receipt of seasonal influenza immunization was not maintained after controlling for 
covariates and accounting for lost to follow-up (aOR = 1.58, 95% CI 0.80, 3.11, Table 6). 
DISCUSSION 
In this low socio-economic, majority minority cohort, caregiver health literacy was not 
associated with a child’s up-to-date status of the combined 6-vaccine series at 24 months of age 
nor with receipt of 2 doses of seasonal influenza immunization, after accounting for lost to 
follow-up. Overall, immunization coverage in this cohort was approaching Healthy People 2020 
immunization coverage goals for the primary immunization series and for seasonal influenza 
immunization.  
The absence of an association with caregiver health literacy and childhood immunization 
status is consistent with prior studies by Pati et al., who found that in a single-city, 
predominantly African American cohort of 744 caregiver-child dyads, caregiver S-TOFHLA 
scores were not associated with up-to-date immunization status at 3 months, 7 months, or 24 
months.32, 35 As detailed in a systematic review by Lorini et al., the relationship between 
immunization status and health literacy is unclear, partly due to limited studies to date and varied 
health literacy measures and study populations.36 In India, maternal health literacy was positively 
associated with full receipt of diphtheria, tetanus, and pertussis immunization.33 Yet, an Israeli 
study by Amit Aharon et al. found that parents with high levels of functional, communicative, 
and critical health literacy – as measured by the Vaccine Health Literacy Scale - were more at-
risk of non-adherence to a childhood immunization protocol.34  
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Prior studies suggest that the S-TOFHLA cut-offs may underestimate the low rate of 
health literacy among younger adults.23, 52 Because of this ceiling effect, the S-TOFHLA is 
unable to discriminate participants with very high health literacy or even more modest levels of 
health literacy. Given this, and given our study population, we were unable to assess the 
association of very high literacy with childhood immunization status. 
Apart from issues related to health care access, how health literacy fits, or does not fit, 
into leading psychological principles of immunization behaviors may also in part account for the 
lack of association between health literacy and childhood immunization. Brewer et al. present a 
model of how thoughts and feelings influence immunization behaviors (Figure 4).53 In this 
model, it is possible that other constructs that motivate individuals to accept immunizations, such 
as disease risk appraisal and vaccine confidence, are not adequately captured by the S-TOFHLA. 
Alternatively, individuals’ specific thoughts and feelings of risk appraisals and vaccine 
confidence may be formulated independent of their health literacy. Another proposition of 
Brewer et al. is that social processes are intimately involved in immunization motivation, 
including social networks and social norms, in which immunization decisions are made 
irrespective of health literacy level.  
This study is the first, to our knowledge, that examines a validated measure of caregiver 
health literacy and seasonal influenza immunization uptake in children. Our findings conflict 
with prior studies examining health literacy and seasonal influenza immunization. Previous 
cross-sectional studies have demonstrated an association between health literacy, as measured by 
the Health Literacy Scale of the National Assessment of Adult Literacy, and seasonal influenza 
immunization receipt in elderly Americans.30, 31 White et al. noted, however, that health literacy 
was negatively associated with influenza immunization receipt in a group of adults under 40 
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years old. Stockwell et al. found that, among a single-city, predominantly Latino sample of 660 
caregiver-child dyads in need of a second dose of influenza immunization within the same 
season, dyads randomized to receiving a text message with embedded literacy-sensitive 
educational information were more likely to receive the second influenza dose for their child 
than dyads who were randomized to a conventional text message or written reminders.54 
However, it is unclear if the effect of the intervention was due to its sensitivity to low literacy or 
its educational component. The outcome of influenza immunization receipt in the 
aforementioned studies is an outcome that can be described as having an “active seeking” 
component, and may account for the different association between health literacy and influenza 
immunization in our study. We were unable to retrospectively determine who were eligible for 
the full 3 doses of influenza immunization in the first year of life, and instead relied on 2 or more 
doses as a marker of influenza immunization uptake. Thus, our influenza immunization outcome 
may reflect more of a “passive acceptance” during health supervision visits, rather than an 
actively sought health prevention behavior. Periodic health examinations are less frequent in 
adulthood as they are in early childhood, leading to less default opportunities for influenza 
immunization. Thus, influenza immunization in adults may be more of an active process than a 
passive process. In an “active seeking” health behavior scenario, those with higher health literacy 
may seek more health care activities and preventive health behaviors.27, 30, 46 A difference in 
association based on different measures of health literacy also cannot be excluded. 
The strengths of our study include recruitment of participants from an ethnically diverse 
cohort from multiple sites in four different states. The study also had a sample size that permitted 
us to control for several identified risk factors for underimmunization, and also controlled for 
study site, accounting for potential site-specific differences that may be associated with the 
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independent variable and the outcome. The study also limited outcome misclassification by 
performing an analysis that excluded those who were lost to follow-up. However, as a result, we 
cannot eliminate the likelihood that our study population was selected, though S-TOFHLA 
scores between cohorts did not differ nor did other participant characteristics, save for a slight 
difference in gender in the low health literacy group (51% female in low health literacy group in 
the entire cohort vs. 45% in the selected cohort). 
Limitations 
Our study has other limitations. First, immunization data were ascertained solely from the 
clinic health record. It is possible that some immunization doses were given outside the clinic 
setting (e.g., health department), however, it was routine practice for clinic staff in the study to 
review outside immunization records (e.g., state or city registry, health department immunization 
cards) and make appropriate changes in the clinic health record. Second, we only captured 11% 
of caregivers who were classified as having low health literacy. A post-hoc power analysis 
demonstrated that this study was underpowered to detect a 10% difference in immunization 
coverage between independent variable groups. Third, there also may be other aspects of health 
literacy potentially important to immunization status that may not be captured by the S-
TOFHLA, such as numeracy and the concept of “vaccine literacy.”15 Fourth, even though our 
study was able to control for a number of potential confounders, the observational nature of our 
study cannot exclude unmeasured confounding. Lastly, the study population was limited to 
purposive sampling of caregiver-child dyads attending four academic pediatric continuity clinics, 




This study did not find an association between caregiver health literacy and childhood 
immunization status at 24 months of age. However, taking into account the study’s limitations 
and the context provided by previous literature, more rigorous study is needed to provide more 
conclusive evidence about the relationship between health literacy and childhood immunization 
uptake, including to specific vaccinations like seasonal influenza. Given that low-literacy 
approaches are becoming established best practice,55 adapting other known effective 
immunization uptake interventions (e.g., reminder/recall systems, presumptive health care 
provider announcements53) to incorporate health literacy may still be a worthwhile endeavor to 




Table 1.  Participant Characteristics – Entire Cohort 
  Health Literacy 
 
Combined 
(n = 855) 
Mean (SD) 
or n (%) 
Low 
(n = 94) 
Mean (SD) 
or n (%) 
Adequate 
(n = 761) 
Mean (SD) 
or n (%) 
Child characteristics    
     Child age at enrollment, weeks 9.3 (1.8) 9.4 (1.8) 9.3 (1.8) 
     Female 437 (51%) 48 (51%) 389 (51%) 
     Health insurancea 
          Medicaid 
          Private 













Caregiver characteristics    
     S-TOFHLA Score (0 – 36) 31.3 (7.9) 11.2 (7.1) 33.8 (2.6) 
     Caregiver age, years 27.7 (6.0) 29.8 (7.3) 27.5 (5.8) 
     Race/ethnicity 
          Hispanic 
          Black, non-Hispanic 













     Spanish, primary language 300 (35%) 54 (57%) 246 (32%) 
     Some college or morea 351 (41%) 17 (18%) 334 (44%) 
Household characteristics    
     Income ≥ $ 20,000 (USD)b 331 (40%) 12 (14%) 319 (44%) 
     Number of adults, ≥ 2a 765 (90%) 79 (84%) 686 (91%) 
     Number of children, ≥ 2a 512 (60%) 54 (57%) 458 (60%) 
Site    
     Vanderbilt 229 (27%) 9 (10%) 220 (29%) 
     NYU 228 (27%) 41 (44%) 187 (25%) 
     UNC 253 (30%) 18 (19%) 235 (31%) 
     Miami 145 (17%) 26 (28%) 119 (16%) 
Lost to follow-up 251 (29%) 38 (40%) 213 (28%) 
aMissing for 3 participants 
bMissing for 34 participants 
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Table 2.  Participant Characteristics – Excluding Lost to Follow-Up 
  Health Literacy 
 
Combined 
(n = 636) 
Mean (SD) 
or n (%) 
Low 
(n = 58) 
Mean (SD) 
or n (%) 
Adequate 
(n = 578) 
Mean (SD) 
or n (%) 
Child characteristics    
     Child age at enrollment, weeks 9.3 (1.7) 9.6 (1.8) 9.3 (1.7) 
     Female 314 (49%) 26 (45%) 288 (50%) 
     Health insurancea 
          Medicaid 
          Private 













Caregiver characteristics    
     S-TOFHLA Score (0 – 36) 31.3 (7.9) 11.4 (7.3) 34.0 (2.5) 
     Caregiver age, years 27.8 (5.7) 30.4 (6.3) 27.6 (5.6) 
     Race/ethnicity 
          Hispanic 
          Black, non-Hispanic 













     Spanish, primary language 230 (36%) 33 (57%) 197 (34%) 
     Some college or moreb 265 (42%) 11 (19%) 254 (44%) 
Household characteristics    
     Income ≥ $ 20,000 (USD) 256 (42%) 9 (17%) 247 (44%) 
     Number of adults, ≥ 2a 580 (91%) 50 (86%) 530 (92%) 
     Number of children, ≥ 2a 397 (63%) 37 (64%) 360 (62%) 
Site    
     Vanderbilt 193 (30%) 8 (14%) 185 (32%) 
     NYU 177 (28%) 28 (48%) 149 (26%) 
     UNC 188 (30%) 15 (26%) 173 (30%) 
     Miami 78 (12%) 7 (12%) 71 (12%) 
aMissing for 1 participant 




Table 3.  Up-to-Date Immunization Status at 24 Months of Age, by Health Literacy – Entire 
Cohort 
  Health Literacy  
 
Combined 
(n = 855) 
Mean (SD) 
or n (%) 
Low 
(n = 94) 
Mean (SD) 
or n (%) 
Adequate 
(n = 761) 
Mean (SD) 
or n (%) p-value 
Combined 6-vaccine series 502 (59%) 43 (46%) 459 (60%) .007 
     DTaP 592 (69%) 53 (56%) 539 (71%) .004 
     Polio 715 (84%) 69 (73%) 646 (85%) .005 
     MMR 671 (78%) 61 (65%) 610 (80%) .001 
     Hib 574 (67%) 49 (52%) 525 (69%) .001 
     Hepatitis B 698 (82%) 65 (69%) 633 (83%) .001 
     Varicella 668 (78%) 61 (65%) 607 (80%) .001 




Table 4.  Up-to-Date Immunization Status at 24 Months of Age, by Health Literacy – Excluding 
Lost to Follow-Up 
  Health Literacy  
 
Combined 
(n = 636) 
Mean (SD) 
or n (%) 
Low 
(n = 58) 
Mean (SD) 
or n (%) 
Adequate 
(n = 578) 
Mean (SD) 
or n (%) p-value 
Combined 6-vaccine series 493 (78%) 43 (74%) 450 (78%) .518 
     DTaP 577 (91%) 53 (91%) 524 (91%) .857 
     Polio 607 (95%) 56 (97%) 551 (95%) .670 
     MMR 620 (97%) 57 (98%) 563 (97%) .686 
     Hib 549 (86%) 49 (84%) 500 (87%) .669 
     Hepatitis B 595 (94%) 53 (91%) 542 (94%) .479 
     Varicella 620 (97%) 57 (98%) 563 (97%) .686 




Table 5. Odds Ratios for Association Between Health Literacy and Up-to-Date Status with 
Combined 6-Vaccine Series at 24 Months 
 Entire Cohort  
(n = 855) 
Excluding Lost-to-Follow Up 
(n = 616) 
 OR 95% CI OR 95% CI 
Unadjusted 1.80 1.17, 2.77 1.23 0.66, 2.28 
Adjusteda,b 1.50 0.92, 2.45 1.15 0.57, 2.30 
aLogistic regression model controlled for race/ethnicity, health insurance, household income, 
number of adults in the home, number of children in the home, study site, and caregiver education  




Table 6. Odds Ratios for Association Between Health Literacy and Receipt of ≥2 Doses of 
Seasonal Influenza Immunization at 24 Months 
 Entire Cohort  
(n = 855) 
Excluding Lost-to-Follow Up 
(n = 616) 
 OR 95% CI OR 95% CI 
Unadjusted 2.05 1.33, 3.15 1.59 0.86, 2.92 
Adjusteda, b 1.79 1.09, 2.95 1.58 0.80, 3.11 
aLogistic regression model controlled for race/ethnicity, health insurance, household income, 
number of adults in the home, number of children in the home, study site, and caregiver education  







Figure 1. Study Enrollment and Analysis Flowchart 
S-TOFHLA, Short Test of Functional Health Literacy in Adults 
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Figure 2.  Recommended immunization schedule for persons aged 0 through 2 years from the U.S. Centers for Disease Control 
and Prevention (2009) 













19 – 23 
months 
Hepatitis B 1st dose <---------2nd dose---------->  <--------------------3rd dose--------------------->  
Rotavirus   1st dose 2nd dose 3rd dose     
Diphtheria, tetanus, & 
pertussis   1
st dose 2nd dose 3rd dose     
Haemophilus 
influenzae type b   1
st dose 2nd dose 3rd dose <------4th dose------>   
Pneumococcal   1st dose 2nd dose 3rd dose <------4th dose------>   
Inactivated Poliovirus   1st dose 2nd dose <--------------------3rd dose--------------------->  
Influenza     <-----------Annual immunization – 1 or 2 doses-----------> 
Measles, mumps, 
rubella      <------1st dose------>   
Varicella      <------1st dose------>   
Hepatitis A      <-----------------2-dose series------------------> 
 
For the purposes of this study, rotavirus, pneumococcal, and hepatitis A immunization are not included in the composite primary 
immunization series outcome (i.e., combined 6-vaccine series) 
 
Source: Centers for Disease Control and Prevention. Recommended immunization schedules for persons aged 0 through 18 years---
United States, 2009. MMWR 2008;57(51&52). 
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Figure 3.  Recommended and Minimum Ages and Intervals Between Doses of Routinely 
Recommended Vaccines for Persons aged 0 through 2 years from the U.S. Centers for Disease 
Control and Prevention 
Vaccine and dose 
number 
Recommended 
age for this 
dose 
Minimum age 
for this dose 
Recommended 
interval to next dose 
Minimum 




2 months 6 weeks 8 weeks 4 weeks 
DTaP-2 4 months 10 weeks 8 weeks 4 weeks 
DTaP-3 6 months 14 weeks 6-12 months 6 months 
DTaP-4 15-18 months 15 months 3 years 6 months 
Hepatitis B (HepB)-1 Birth Birth 4weeks-4months 8 weeks 
HepB-2 1-2 months 4 weeks 8 weeks-17 months 8 weeks 
HepB-3 6-18 months 24 weeks - - 
Haemophilus 
influenzae type b 
(Hib)-1 
2 months 6 weeks 8 weeks 4 weeks 
Hib-2 4 months 10 weeks 8 weeks 4 weeks 
Hib-3 6 months 14 weeks 6-9 months 8 weeks 
Hib-4 12-15 months 12 months - - 
Influenza, inactivated ≥ 6 months 6 months 4 weeks 4 weeks 
Poliovirus, 
Inactivated (IPV)-1 
2 months 6 weeks 8 weeks 4 weeks 
IPV-2 4 months 10 weeks 8 weeks-14 months 4 weeks 
IPV-3 6-18 months 14 weeks 3-5 years 6 months 
Measles-mumps-
rubella (MMR)-1 
12-15 months 12 months 3-5 years 4 weeks 
Varicella (Var)-1 12-15 months 12 months 3-5 years 12 weeks 
 
Source: Kroger AT, Duchin J, Vázquez M. General Best Practice Guidelines for Immunization. 
Best Practices Guidance of the Advisory Committee on Immunization Practices (ACIP). 
[www.cdc.gov/vaccines/hcp/acip-recs/general-recs/downloads/general-recs.pdf]. Accessed on 




Figure 4.  Thoughts and feelings that influence immunization (from Brewer et al. 2017).  
 
This model suggests that risk appraisals and confidence in vaccination are associated with 
greater motivation to immunize, leading to a higher likelihood of immunization. Risk appraisals 
include thinking (perceived risk), feeling (fear), anticipated regret, and worry. Confidence 
includes attitudes about vaccine safety and harm. Motivation includes intentions, willingness, 
and acceptability. 
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APPENDIX: Limited Systematic Review of Health Literacy and Childhood Immunizations 
 
APPENDIX INTRODUCTION 
 Health literacy has been described as “the degree to which individuals have the capacity 
to obtain, process, and understand basic health information and services needed to make 
appropriate health decisions.”17 Inadequate health literacy has been linked to suboptimal health 
behaviors and health outcomes in both adults and children.19, 56 An important health behavior and 
health utilization outcome is immunization. High levels of immunization coverage in the 
population are an effective public health strategy for infectious disease prevention.2 Yet, 
deliberate understanding of immunizations and vaccine-preventable diseases may be challenging 
to those with low health literacy, including caregivers of young children. A recent systematic 
review demonstrated that the relationship between health literacy and immunization attitudes, 
intention, and uptake is unclear.36 Coinciding with a retrospective cohort study on caregiver 
health literacy and childhood immunization status at 24 months of age, the purpose of this 
limited systematic review was to determine the association between childhood immunization 
status and caregiver health literacy. 
APPENDIX METHODS 
KEY QUESTION AND ELIGIBILITY CRITERIA 
The following key question was developed: What is the association between childhood 
immunization status and caregiver health literacy? 
DATA SOURCES AND SEARCH QUERIES 
A highly sensitive search was conducted in PubMed/MEDLINE and Scopus for English-
language articles that assessed the association between childhood immunization status and 
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caregiver health literacy. The search terms included medical subject headings (MeSH) and text 
words for PubMed/MEDLINE and key words for Scopus (see Appendix, Table 1). Databases 
were searched from inception through June 2018. ClinicalTrials.gov was searched to identify 
ongoing studies not yet published. Since June 2018, ongoing surveillance was conducted through 
article alerts to identify studies published in the interim. The last surveillance search was 
conducted on July 13, 2018. The review protocol was not registered. 
STUDY SELECTION 
Using the prespecified eligibility criteria for the key question (Appendix, Table 2), one 
investigator independently reviewed all titles and abstracts for relevance.  Full-texts of those 
marked as potentially eligible were reviewed again using the same criteria to determine 
eligibility. The review included English-language studies of children (age 18 years or less) and 
one or more of their caregivers across all pediatric settings. Studies that looked at immunization 
outcomes in adults were excluded. Cross-sectional studies, cohort studies, and case-control 
studies were eligible. All studies that met eligibility criteria were included regardless of quality 
assessment. 
DATA ABSTRACTION AND QUALITY ASSESSMENT 
 A customized data abstraction form was developed and independently used to extract 
pertinent data from each study about design, relevant participant characteristics, setting, exposure 
(health literacy measure), immunization outcome, and results – including any measures of 
association between caregiver health literacy and immunization outcomes. To assess risk of bias 
of the included studies, the investigator assessed the quality of each study as good, fair, or poor 
according to a modified version of the Risk of Bias In Non-randomized Studies – of Exposures 
(ROBINS-E), a preliminary tool in development similar to the ROBINS-I tool (Risk Of Bias In 
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Non-randomized Studies - of Interventions).57  Risk of bias items considered are displayed in 
Appendix, Table 3. Good corresponded to low overall risk of bias judgment, fair to moderate risk 
of bias judgment, and poor to serious/critical risk of bias judgment. A narrative synthesis was 
then used to describe study findings.  
APPENDIX RESULTS 
Appendix, Figure 1 displays the PRISMA flow diagram for study selection and 
screening. Database searches yielded a total of 257 references. After 53 duplicates were 
removed, 204 unique titles and abstracts were screened. Forty-two full-text articles were 
reviewed for study eligibility. The ClinicalTrials.gov search did not yield any relevant ongoing 
studies. A total of 3 published studies (described in 4 articles with 3257 participant dyads) were 
included in the narrative synthesis.32-35 Overall, the risk of bias of studies ranged from to 
moderate to serious, corresponding to poor to fair quality studies. Common sources of bias 
included selection bias, failure to address common confounders, and use of measures that have 
not been previously validated.  
Appendix, Table 4 and the following narrative synthesis summarize the results for the 
key question. The 3 included studies were all observational in design – 1 prospective cohort 
study,32, 35 1 cross-sectional study,33 and 1 case-control study.34 All three studies were conducted 
in three different countries: United States,32, 35 India,33 and Israel.34 Given this, immunization 
outcomes differed among the studies as each country has different immunization standards. All 
studies looked at immunization outcomes at 24 months of age for the child. One study evaluated 
a 5-vaccine series in the first year of life (at the 3 month and 7 month interval) and a 7-vaccine 
series at 24 months of age.32, 35 The second study focused on receipt of 3 doses of DTP 
immunization by 24 months of age.33 The third study evaluated adherence to a 4-vaccine 
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protocol by 24 months of age.34 One study relied on a county/city-wide immunization registry 
for immunization outcome data.32, 35 The second study ascertained receipt of 3 doses of DTP by 
vaccination card or maternal report, though it is unclear what percentage of outcomes were 
determined by the latter.33 The last study relied on clinic health records for immunization 
outcome ascertainment.34 Seasonal influenza vaccination was not included as an immunization 
outcome in any of the studies. Measures of health literacy also varied among the studies; one 
study used the Short Test of Functional Health Literacy (S-TOFHLA)32, 35 and two developed 
measures of health literacy for their study.33, 34   
All four studies all examined the association between a measure of health literacy and 
immunization status/uptake. Outcomes differed across all studies. One study found no 
association between maternal health literacy and up-to-date immunization status at 3 months of 
age, 5 months of age, or 24 months of age, after controlling for confounding variables.32, 35 
Another study found a positive independent association between maternal health literacy and 
receipt of 3 doses of DTP, but this association slightly differed by geographic setting.33 In a rural 
setting, medium health literacy (as measured by their health literacy tool) was associated with 
DTP receipt, but this was not the case in an urban setting. Rather, “high health literacy” was 
associated with complete DTP receipt in an urban setting at 24 months of age. Yet another study 
found communicative HL was negatively directly associated with adherence to a 4-vaccine 
protocol at 24 months of age (β=-0.06, p<0.05), corresponding to an OR of 0.94 (though a 
confidence interval is to be generated due to failure to report the variance).34 Furthermore, 
consideration of confounding variables was not clear.  
Further study limitations and salient observations for each individual study are included 
in Appendix, Table 4.  
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APPENDIX DISCUSSION 
Based on the studies included in this review, the relationship between caregiver health 
literacy and childhood immunization status is unclear. A focus on immunizations at 24 months of 
age was a common time frame among all studies. While this could have provided an opportunity 
to examine the association between caregiver health literacy and early childhood immunization 
status (given that most immunizations are delivered in the first 2 years of life), comparability of 
studies is problematic due to different study designs, different settings/populations (US, India, 
and Israel and varied urban/rural populations), and different health literacy measures. With 
varied outcomes among the different studies, there is significant uncertainty in the true 
association between caregiver health literacy and childhood immunization. One can speculate 
that in low- and middle-income countries, where immunization practices may not be as 
widespread, health literacy may play a larger role in an individual’s understanding of the benefits 
of health prevention or may be a surrogate marker for access to care, leading to a positive 
association of health literacy with immunization uptake. However, in high-income countries, 
higher health literacy may represent an ability for a parent to self-seek health information, thus 
potentially providing opportunities to find incorrect information about immunizations.58 Even if 
this behavioral mechanism was assumed to explain the negative association in Amit Aharon et 
al.’s study, a negative association may not be found in the Pati et al. study due to the ceiling 
effect of the S-TOFHLA (thus eliminating the ability to discriminate participants with very high 
health literacy) and the selected low-income, Medicaid population.23, 52 Given the varied health 
literacy assessments among the studies, it is also possible that the three studies are capturing 
different conceptual domains, of which may or may not have direct relevance to immunization 
status. 
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Of note, this review contained one additional citation that was not included in Lorini et 
al.’s recent systematic review on the same topic.35, 36 This review also differed from Lorini et al. 
in that it used the ROBINS-E tool for risk of bias assessment, a tool in development, though 
based on a well-validated and widely used tool for systematic reviews, including Cochrane 
reviews.59 However, the results and conclusions of this review and that of Lorini et al. are 
consistent. 
In conclusion, the association between caregiver health literacy and childhood 
immunization status cannot be definitively determined from this review. Future studies should 
consider replication of existing studies in different populations with the same validated health 
literacy measure (e.g., S-TOFHLA), immunization outcome ascertainment by corroborating 
sources (e.g., health records and immunization registries together), and inclusion of known risk 



























Appendix, Table 1.  PubMed/MEDLINE Search Strategy 
MEDLINE (via PubMed) Search Date: 7/12/18 






2. Health Literacy "Health Literacy"[Mesh] OR 
"Literacy"[Mesh] OR "Information 








Scopus Search Date: 7/12/18 
1. Immunization KEY (immunization or vaccination) 275331 
 




3. 1+2  156 results 
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Appendix, Table 2.  Study Eligibility Criteria 
Category Inclusion Criteria Exclusion Criteria 
Populations Children ≤ 18 years of age and their 
caregivers and their caregivers 
Adults > 18 years of age  
Settings All pediatric settings Adult settings, including 
prenatal/postnatal care 
Exposure Caregiver health literacy – including 
related domains such as numeracy –
measured by a formal measure (e.g., 
Test of Functional Health Literacy)  
No formal measure of health 
literacy; Education level as the 
sole surrogate measure of health 
literacy 
Outcomes Childhood immunization status (up-
to-date, days unvaccinated) – either 
for composite immunization series or 
individual immunizations 
Intention to vaccinate, vaccine 
confidence, vaccine acceptance 
Timing No limits N/A 
Study designs Cross-sectional studies, cohort 
studies, case-control studies 
Qualitative studies, clinical trials, 






English-language, full text Non-English language, 
publications available only as a 
conference abstract 
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Appendix, Table 3.  Risk of Bias Assessment – Adapted from Preliminary Tool for Risk 
of Bias In Non-randomized Studies – of Exposures by Morgan et al. 
Specify a target experiment 
Specify the outcome  
Specify the numerical result being assessed 
Consideration of confounders 
Consideration of accuracy and measurement of exposure and outcome 
Consideration of co-exposures 





Appendix, Table 4.  Characteristics of Included Studies 




Results Risk of 
Bias/Limitations/Observations 
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aOR 1.08 (CI 
0.67 – 1.76) 
 
7-mo outcome: 






Selection bias: 744 participants 
enrolled, 506 complete records at 
6-months 
 
Exposure measure: limitations of 
the S-TOFHLA (i.e., ceiling 
effect) 
 
Outcome classification: relied on 
county-wide registry data only 
 
Generalizability: predominantly 
African American population 
(87%) in a single city 











in rural site 
 












Indian child health 
promotion materials  
Receipt of 3 
doses of DTP 
immunization 










Rural site: aOR 
1.57 (CI 1.11 – 
2.21) for 
medium HL 




Poor to Fair quality 
 
Analysis stratified by site 
 
Exposure measure: not validated, 
but acknowledge other HL 




Vaccination card or maternal 
recall 
 




aOR 1.10 (CI 
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UTD status of 
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Poor to fair quality 
 
Selection bias: Likely low as 
controls came from same clinic 
population in the same age range 
 
Exposure: adapted from validated 
questionnaire, but adapted 
measure not validated 
 
Outcome: do not report 
descriptive statistics for outcome; 
measurements of association not 
reported; converted β to OR is 
quite modest (0.94) unable to 
convert confidence interval due to 
absence of variance reporting 
 
Confounding: unclear how 











































Selection bias: 744 dyads 
enrolled; 686 dyads included in 
analysis 
 
Exposure measure: limitations of 
the S-TOFHLA (i.e., ceiling 
effect) 
 
Outcome classification: relied on 
county-wide registry data only 
 
Measure of association 
qualitatively reported, no 




African American population 
(87%) in a single city 
S-TOFHLA = Short Test of Functional Health Literacy, UTD = Up-to-date, HL = health literacy, aOR = adjusted odds ratio, CI = 95% confidence 













    
204 Records Screened 
 
42 Full-text articles assessed for 
eligibility 
163 Abstracts/titles excluded 
38 Full text articles excluded 
15 Wrong study design 
13 Wrong Exposure 
5 Wrong outcomes 
4 Adult population 
1 Wrong setting 
4 Articles (3 studies) included in 
systematic review 
257 references imported for 
screening 
101 PubMed/MEDLINE 
156 Scopus  




1. Remy V, Zollner Y, Heckmann U. Vaccination: the cornerstone of an efficient healthcare 
system. J Mark Access Health Policy. 2015;3. 
2. Frieden TR. A framework for public health action: the health impact pyramid. Am J 
Public Health. 2010;100:590-595. 
3. Healthy People 2020 [Internet]. Vol 2018. Washington, DC: U.S. Department of Health 
and Human Services, Office of Disease Prevention and Health Promotion. 
https://www.healthypeople.gov/2020/topics-objectives/topic/immunization-and-
infectious-diseases/objectives. Accessed July 18, 2018. 
4. National Center for Health Statistics. National Health Interview Survey, 2016. Public-use 
data file and documentation. https://www.cdc.gov/nchs/nhis/data-questionnaires-
documentation.htm.2017. Accessed July 18, 2018. 
5. Brenner RA, Simons-Morton BG, Bhaskar B, Das A, Clemens JD, NIH-D.C. Initiative 
Immunization Working Group. Prevalence and predictors of immunization among inner-
city infants: a birth cohort study. Pediatrics. 2001;108:661-670. 
6. Luman ET, McCauley MM, Shefer A, Chu SY. Maternal characteristics associated with 
vaccination of young children. Pediatrics. 2003;111:1215-1218. 
7. Bardenheier BH, Yusuf HR, Rosenthal J, et al. Factors associated with 
underimmunization at 3 months of age in four medically underserved areas. Public 
Health Rep. 2004;119:479-485. 
8. Allred NJ, Wooten KG, Kong Y. The association of health insurance and continuous 
primary care in the medical home on vaccination coverage for 19- to 35-month-old 
children. Pediatrics. 2007;119 Suppl 1:S4-11. 
9. Williams SE. What are the factors that contribute to parental vaccine-hesitancy and what 
can we do about it? Hum Vaccin Immunother. 2014;10:2584-2596. 
10. Szilagyi PG, Rodewald LE. Missed opportunities for influenza vaccination among 
children with asthma. Pediatr Infect Dis J. 1992;11:705-708. 
11. Daley MF, Beaty BL, Barrow J, et al. Missed opportunities for influenza vaccination in 
children with chronic medical conditions. Arch Pediatr Adolesc Med. 2005;159:986-991. 
12. Daley MF, Crane LA, Chandramouli V, et al. Misperceptions about influenza vaccination 
among parents of healthy young children. Clin Pediatr (Phila). 2007;46:408-417. 
13. Nowalk MP, Zimmerman RK, Lin CJ, et al. Parental perspectives on influenza 
immunization of children aged 6 to 23 months. Am J Prev Med. 2005;29:210-214. 
14. Allred NJ, Poehling KA, Szilagyi PG, et al. The impact of missed opportunities on 
seasonal influenza vaccination coverage for healthy young children. J Public Health 
Manag Pract. 2011;17:560-564. 
15. Ratzan SC. Vaccine literacy: a new shot for advancing health. J Health Commun. 
2011;16:227-229. 
16. Castro-Sanchez E, Chang PW, Vila-Candel R, Escobedo AA, Holmes AH. Health 
literacy and infectious diseases: why does it matter? Int J Infect Dis. 2016;43:103-110. 
17. Institute of Medicine Committee on Health Literacy. Health Literacy: A Prescription to 
End Confusion. Washington DC: The National Academies Press; 2004. 
18. White S. Assessing the Nation's Health Literacy: Key Concepts and Findings of the 
National Assessment of Adult Literacy. Chicago: American Medical Association 
Foundation; 2008. 
	 37 
19. DeWalt DA, Hink A. Health literacy and child health outcomes: a systematic review of 
the literature. Pediatrics. 2009;124 Suppl 3:S265-274. 
20. Morrison AK, Schapira MM, Gorelick MH, Hoffmann RG, Brousseau DC. Low 
caregiver health literacy is associated with higher pediatric emergency department use 
and nonurgent visits. Acad Pediatr. 2014;14:309-314. 
21. Davis TC, Bocchini JA, Jr., Fredrickson D, et al. Parent comprehension of polio vaccine 
information pamphlets. Pediatrics. 1996;97:804-810. 
22. Yin HS, Dreyer BP, Foltin G, van Schaick L, Mendelsohn AL. Association of low 
caregiver health literacy with reported use of nonstandardized dosing instruments and 
lack of knowledge of weight-based dosing. Ambul Pediatr. 2007;7:292-298. 
23. Kumar D, Sanders L, Perrin EM, et al. Parental understanding of infant health 
information: health literacy, numeracy, and the Parental Health Literacy Activities Test 
(PHLAT). Acad Pediatr. 2010;10:309-316. 
24. Oettinger MD, Finkle JP, Esserman D, et al. Color-coding improves parental 
understanding of body mass index charting. Acad Pediatr. 2009;9:330-338. 
25. Howard LM, Tique JA, Gaveta S, et al. Health literacy predicts pediatric dosing accuracy 
for liquid zidovudine. AIDS. 2014;28:1041-1048. 
26. Rowlands G. Health literacy. Hum Vaccin Immunother. 2014;10:2130-2135. 
27. Scott TL, Gazmararian JA, Williams MV, Baker DW. Health literacy and preventive 
health care use among Medicare enrollees in a managed care organization. Med Care. 
2002;40:395-404. 
28. Howard DH, Sentell T, Gazmararian JA. Impact of health literacy on socioeconomic and 
racial differences in health in an elderly population. J Gen Intern Med. 2006;21:857-861. 
29. Sudore RL, Mehta KM, Simonsick EM, et al. Limited literacy in older people and 
disparities in health and healthcare access. J Am Geriatr Soc. 2006;54:770-776. 
30. White S, Chen J, Atchison R. Relationship of preventive health practices and health 
literacy: a national study. Am J Health Behav. 2008;32:227-242. 
31. Bennett IM, Chen J, Soroui JS, White S. The contribution of health literacy to disparities 
in self-rated health status and preventive health behaviors in older adults. Ann Fam Med. 
2009;7:204-211. 
32. Pati S, Feemster KA, Mohamad Z, Fiks A, Grundmeier R, Cnaan A. Maternal health 
literacy and late initiation of immunizations among an inner-city birth cohort. Matern 
Child Health J. 2011;15:386-394. 
33. Johri M, Subramanian SV, Sylvestre MP, et al. Association between maternal health 
literacy and child vaccination in India: a cross-sectional study. J Epidemiol Community 
Health. 2015;69:849-857. 
34. Amit Aharon A, Nehama H, Rishpon S, Baron-Epel O. Parents with high levels of 
communicative and critical health literacy are less likely to vaccinate their children. 
Patient Educ Couns. 2017;100:768-775. 
35. Pati S, Huang J, Wong A, et al. Do changes in socio-demographic characteristics impact 
up-to-date immunization status between 3 and 24 months of age? A prospective study 
among an inner-city birth cohort in the United States. Hum Vaccin Immunother. 
2017;13:1141-1148. 
36. Lorini C, Santomauro F, Donzellini M, et al. Health literacy and vaccination: A 
systematic review. Hum Vaccin Immunother. 2018;14:478-488. 
	 38 
37. Sanders LM, Perrin EM, Yin HS, Bronaugh A, Rothman RL. "Greenlight study": a 
controlled trial of low-literacy, early childhood obesity prevention. Pediatrics. 
2014;133:e1724-1737. 
38. Hobbie C. The injury Prevention Program (TIPP). J Pediatr Health Care. 1991;5:279-
280. 
39. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic 
data capture (REDCap)--a metadata-driven methodology and workflow process for 
providing translational research informatics support. J Biomed Inform. 2009;42:377-381. 
40. Centers for Disease Control and Prevention. Recommended immunization schedules for 
persons aged 0 through 18 years---United States, 2009. MMWR. 2008:51-52. 
41. Kroger AT DJ, Vázquez M. General Best Practice Guidelines for Immunization. Best 
Practices Guidance of the Advisory Committee on Immunization Practices (ACIP). 
42. Baker DW, Williams MV, Parker RM, Gazmararian JA, Nurss J. Development of a brief 
test to measure functional health literacy. Patient Educ Couns. 1999;38:33-42. 
43. Heerman WJ, Perrin EM, Yin HS, et al. Health literacy and injury prevention behaviors 
among caregivers of infants. Am J Prev Med. 2014;46:449-456. 
44. Yin HS, Sanders LM, Rothman RL, et al. Parent health literacy and "obesogenic" feeding 
and physical activity-related infant care behaviors. J Pediatr. 2014;164:577-583 e571. 
45. Fang MC, Machtinger EL, Wang F, Schillinger D. Health literacy and anticoagulation-
related outcomes among patients taking warfarin. J Gen Intern Med. 2006;21:841-846. 
46. Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low health literacy and 
health outcomes: an updated systematic review. Ann Intern Med. 2011;155:97-107. 
47. Luman ET, McCauley MM, Stokley S, Chu SY, Pickering LK. Timeliness of childhood 
immunizations. Pediatrics. 2002;110:935-939. 
48. Dombkowski KJ, Lantz PM, Freed GL. Risk factors for delay in age-appropriate 
vaccination. Public Health Rep. 2004;119:144-155. 
49. Luman ET, Barker LE, Shaw KM, McCauley MM, Buehler JW, Pickering LK. 
Timeliness of childhood vaccinations in the United States: days undervaccinated and 
number of vaccines delayed. JAMA. 2005;293:1204-1211. 
50. Homel J, Edwards B. Factors associated with delayed infant immunization in a nationally 
representative cohort study. Child Care Health Dev. 2018;44:583-591. 
51. DeWalt D, Pignone, M. Reading is fundamental: The relationship between literacy and 
health. Arch of Intern Med. 2005;165:1943–1944. 
52. Morrison AK, Schapira MM, Hoffmann RG, Brousseau DC. Measuring Health Literacy 
in Caregivers of Children: A Comparison of the Newest Vital Sign and S-TOFHLA. Clin 
Pediatr (Phila). 2014. 
53. Brewer NT, Chapman GB, Rothman AJ, Leask J, Kempe A. Increasing Vaccination: 
Putting Psychological Science Into Action. Psychol Sci Public Interest. 2017;18:149-207. 
54. Stockwell MS, Hofstetter AM, DuRivage N, et al. Text message reminders for second 
dose of influenza vaccine: a randomized controlled trial. Pediatrics. 2015;135:e83-91. 
55. Brega AG,  Barnard J, Mabachi NM, Weiss BD, DeWalt DA, Brach C, Cifuentes M, 
Albright K, West D. AHRQ Health Literacy Universal Precautions Toolkit, Second 
Edition. AHRQ Publication No. 15-0023-EF. Rockville, MD. Agency for Healthcare 
Research and Quality. January 2015. 
	 39 
56. Berkman ND, Sheridan SL, Donahue KE, et al. Health literacy interventions and 
outcomes: an updated systematic review. Evid Rep Technol Assess (Full Rep). 2011:1-
941. 
57. Morgan R et al. The ROBINS-E tool (Risk Of Bias In Non-randomized Studies - of 
Exposures). https://www.bristol.ac.uk/population-health-
sciences/centres/cresyda/barr/riskofbias/robins-e/. Accessed July 18, 2018. 
58. Harmsen IA, Doorman GG, Mollema L, Ruiter RA, Kok G, de Melker HE. Parental 
information-seeking behaviour in childhood vaccinations. BMC Public Health. 
2013;13:1219. 
59. Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in 
non-randomised studies of interventions. BMJ. 2016;355:i4919. 
60. Ishikawa H, Takeuchi T, Yano E. Measuring functional, communicative, and critical 
health literacy among diabetic patients. Diabetes Care. 2008;31:874-879. 
 
